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Introduction
Harbour seals, Phoca vitulina, exhibit a seasonal pattern of reproduction with annual and synchronous breeding cycles. Their reproductive pattern is characterized by an obligatory period of delayed implantation, i.e. embryonic diapause. The length of embryonic diapause and the duration of postimplantation gestation has been estimated by combining information on the presence or absence of both swelling ofthe uterine horns and fetuses in females with corpora lutea with data on embryonic growth rates (Fisher, 1954; Harrison, 1963;  Bishop, 1968;  Bigg, 1969; Bigg & Fisher, 1974; Boulva & McLaren, 1979) . These studies show that embryonic diapause lasts 2-3 months and the average duration of fetal growth, estimated by using both prenatal growth rates and mean birth dates, lasts 8-8-5 months.
Reproductive biology of pinnipeds has predominantly been described in conjunction with behavioural observations and complemented by morphological data on reproductive organs (Laws, 1956; Harrison, 1960 Harrison, , 1963 Amoroso et ai, 1965; Sinha & Erikson, 1972; Bigg & Fisher, 1974; Boshier, 1981) . Some information on various reproductive events in pinnipeds has been pub¬ lished based on estimation of reproductive hormone concentrations (Daniel, 1974 (Daniel, , 1975 ; Raeside & Ronald, 1981; Boyd, 1983 Boyd, , 1984 Hobson & Boyd, 1984) . However, none of these studies reported hormonal changes during a complete annual reproductive cycle in a specific group of females and, although Reijnders (1986) presented some data for harbour seals in relation to some toxic effects of marine pollutants, the aim of the present study was to document changes in the serum concen¬ tration of oestradiol and progesterone in individual harbour seals throughout the reproductive cycle. This paper documents these changes in the same groups of seals as were used by Reijnders (1986) which involved feeding fish from a highly polluted area to one group and fish from a less polluted area to another. Although an effect of the treatment with fish containing high levels of pollutants was to reduce the reproductive rate of the treated group, comparison of hormone con¬ centrations in both groups suggested there was no difference between the treated and untreated groups up to the time of implantation. Therefore, for the purpose of this paper, information about reproductive hormone concentrations up to implantation was combined from both groups. Blood sampling. Blood samples were obtained from veins in the hindflippers when the animals were restrained on a V-shape bench, modified after a device described by Ronald et ai (1969) . The blood, about 10 ml, was taken at least once very month and more frequently during July, August, October and November (see Fig. 3 ). All animals in one group were sampled on the same day, the sampling always took place between 11:00 and 14:00 h local time and blood was collected in glass vacutainers. After centrifugation, the serum was stored frozen at -20°C.
Materials and Methods

Animals
Hormone estimations. Serum concentrations of oestradiol-17ß and progesterone were determined by radio¬ immunoassay (RIA) according to the techniques described by Bouckaert (1984) .
Oestradiol-17ß was determined by RIA (Eidg. Institute for Nuclear Research, Würenlingen, Switzerland). There was 100% cross-reaction with oestradiol, 2% for oestrone and oestriol and <01% for ethinyloestradiol, progester¬ one, testosterone and androstanediol. The inter-and intra-assay coefficients of variation were 9-1% and consistently below 31% respectively; the limit of detection was 0-03 nmol/1. Progesterone concentrations were determined by RIA (Farmos Diagnostica, Turku, Finland). The cross-reactivity was 100% for progesterone, 75% for llß-hydroxyprogesterone, 8-8% for 5a-dihydroxyprogesterone, 7-1% for 5ß-dihydroxyprogesterone, <0-3% for a number of hydroxyderivates of progesterone, and 0-9% for corticosteroids, testosterone and oestrogens. The cross-reaction of the antibody for 11 ß-hydroxyprogesterone is rather high. However, as it only occurs in the fmol/1 concentration range it did not affect the interpretation of the progesterone concentrations. The inter-and intra-assay coefficients of variation were 8-3% and consistently below 30% respectively; the limit of detection was 0-28 nmol/1.
Results
The follicular phase in the oestrous cycle in harbour seals is described on the basis of oestradiol-17 ß profiles (Fig. 1) . The average time difference between parturition and the peak in oestradiol was 25-5 days ( + 2-5 s.d.; = 5). If a concentration of 60 pmol/1 is taken as a mean for non-ovulatory activity in mature females, derived from the period August-October, the average duration of the elevated oestradiol concentrations calculated in this way is 15 days (±3-5 s.d.; = 7). As the sampling was relatively infrequent, the actual period could have been shorter than 15 days. There were individual differences in timing of oestrus but, apart from this, there is also a difference in timing caused by the fact that lactating females will start a new reproductive cycle later than previously non-pregnant animals (Fig. 2) . The average time difference between both categories, based on ovulatory peaks in oestradiol, was 14-2 days (±3-1 s.d.) . The difference in timing of oestrus between previously pregnant and previously non-pregnant animals was also found in the start of luteal activity indicated by an increase in serum progesterone concentrations. The average time difference was 14-9 days (±2-9 days s.d.), which is similar to the difference found using the ovulatory rise in oestradiol. observed towards the end of gestation followed by a sharp decline at parturition. In this study progesterone and oestradiol only increased significantly in the last 3-4 months of gestation. Both observations are based on the significant differences between the mean ofthe values in March and May (Student's t test, < 005) and the similar statistical difference found between the means of the samples from Ecomare during April and June.
There were marked differences between both the concentration of progesterone in mature seals compared with prepubertal seals but differences were not as great for oestradiol. The progesterone concentrations were lower in prepubertal seals (Fig. 3) , whereas the concentration range for oestra¬ diol was comparable and the profiles resembled those in mature seals except the ovulatory peak (Fig. 4) .
Discussion
This study has demonstrated significant changes in the serum concentrations of progesterone and oestradiol during the annual reproductive cycle of female harbour seals, including significant differences between the cycles of immature, pregnant and non-pregnant individuals.
Maintenance of elevated progesterone concentrations and a subsequent increase towards the end of gestation was only found in pregnant females. This is similar to the findings of Boyd (1984) for grey seals and is almost certainly due to increased progesterone production from the placenta (Boyd, 1984; Hobson & Boyd, 1984) .
The luteal phase in non-pregnant females apparently lasted for 4-5 months after ovulation as reflected by progesterone secretion from the corpus luteum for some time before regressing. This could be interpreted as pseudopregnancy and is of an equivalent duration to the delay of implantation in pregnant females, as was also found by Bigg & Fisher (1974) .
The first major differences in oestradiol concentrations between pregnant and non-pregnant seals appear after implantation. Sustained elevated concentrations and a subsequent increase towards the end of gestation are only found in pregnant seals. This was also observed in the same species by Raeside & Ronald (1981) and in grey seals by Boyd (1982) .
Serum oestradiol concentrations increased within 3 weeks after parturition while lactation con¬ tinued for at least a further week. This phenomenon of lactational oestrus is found in many species of seals (Laws, 1956; Craig, 1964; Burns, 1970; Oritsland, 1975; Boness & James, 1979; Stewart & Lavigne 1980; Gentry, 1981; Boyd, 1983) .
Pinnipeds are classified as having an obligate and seasonal embryonic diapause (Renfree & Calaby, 1981) . This delayed implantation is a universal feature in pinnipeds (Harrison, 1963; Boshier, 1981) , but considerable differences are found when comparing eared seals (Otariidae) and true seals (Phocidae) with respect to their physiological control of diapause and implantation. In harbour seals progesterone concentrations remained elevated throughout embryonic diapause, as was also found in grey seals (Boyd, 1984) , but in northern fur seals progesterone concentrations were low during lactation, remained low throughout embryonic diapause and then increased at implantation (Daniel, 1974 (Daniel, , 1975 .
The exact length of embryonic diapause in harbour seals is not very well known, but the duration of post-implantation gestation is relatively constant (Laws, 1956; Boshier, 1981) . There¬ fore, it is assumed that implantation in harbour seals in this study occurred between the end of October and the 3rd week of November. This is supported by the observation that serum concen¬ trations of oestradiol increased at that time in the cycle, as was also found in grey seals (Boyd, 1982) . However, a surge in oestradiol concentrations as was found in the northern fur seal (Daniel, 1974) was not detected in this study or in an earlier study of grey seals (Boyd, 1982) . This could possibly have been because the blood sampling regimen in this study was not frequent enough to detect a short-term increase in oestradiol. However, as most cycles are not synchronous and no high value was detected in any seal, it is concluded that a similar surge in oestradiol levels most likely did not occur. These differences in steroid hormone cycles between the northern fur seal and the harbour and grey seal could be explained by different courses of physiological evolution, as discussed by Boyd (1982) .
However, the differences in the timing of oestrus were not subsequently reflected by differences in the respective parturition dates (Spearman = 005; = 9). In addition, by using the rise in oestradiol as an indication of implantation and the patterns of progesterone in pregnant and nonpregnant animals around that period, the differences in timing of implantation are subsequently reflected by the differences in the timing of parturitions (Spearman = 005; = 10). It therefore is concluded that the timing of parturition is probably determined by the timing of implantation.
The pronounced annual changes in oestradiol-17ß concentrations of immature seals may be a consequence of folliculogenesis. Craig (1964) found a profound annual cyclicity of follicular activity in the ovaries of nulliparous northern fur seals which supports this explanation.
